We have studied the X-ray and gamma radiation shielding parameters such as mass attenuation coefficient, linear attenuation coefficient, mean free path, half-value layer, tenth-value layer, effective atomic numbers, electron density, exposure buildup factors, specific gamma-ray constant, and mechanical properties in some coordination polymers such as lead monoclinic-(I), lead monoclinic-(II), lead tetragonal, azelato barium (II) polymer, 1-D coordination barium polymer (I), helical lead (II) coordination polymer, calcium bromide polymer (I), calcium bromide polymer (II), 1D-cadmium coordination polymer, and 2D-cadmium coordination polymer. We have also studied the neutron shielding properties in the same coordination polymers. From the detailed study, it is clear that helical lead (II) coordination polymer is a good absorber for X-ray and gamma radiation. The attenuation parameters for neutron are higher for 1D coordination barium polymer (I) compared to that of other studied polymers. This work is useful in the field of radiation shielding.
INTRODUCTION
Radiation shielding to the X-ray, gamma, and neutrons are important topics in radiation physics. The mass attenuation coefficient (MAC) and its deliverables are basic parameters in the selection of shielding materials for X-ray and gamma radiation. Kaçal et al. [1] determined the gamma-ray attenuation characteristics of eight different polymers using transmission geometry utilizing the high-resolution High Purity Germanium (HPGe) detector and different radioactive sources in the energy range 81-1333 keV. Li and Gu, [2] studied the radiation shielding property of structural polymer composite containing radiation protective basalt fiber reinforced epoxy matrix composite containing erbium oxide particles. Mahmoud [3] studied the γ-ray shielding characteristics of composite materials based on recycled high-density polyethylene. Badawy and Latif [4] studied the synthesis and characterizations of magnetite nanocomposite films for radiation shielding. Sayyed [5] studied the gamma and neutron shielding properties (NSP) of eight different types of smart polymers. Mann et al. [6] studied the shielding behaviors of some polymer and plastic materials for gamma rays in the experimental energy range 10-1400 keV.
Seenappa et al. [7] studied the gamma, X-ray, and NSP of polymer concretes. Gurler and Tarim [8] determined the radiation shielding properties of some polymer and plastic materials against gamma rays. Srinivasan and Samuel [9] studied the evaluation of radiation shielding properties of the polyvinyl alcohol/iron oxide polymer composite. Manjunatha and Seenappa [10] studied the X-ray and gamma radiation shielding properties of aluminum polymer concrete, silicon polymer concrete, potassium polymer concrete, sodium polymer concrete, boron polymer concrete, and lead polymer concrete. Pavlenko et al. [11] studied the radiation shielding properties of polymide composites based on surface and physicalmechanical properties of polyimide/Bi 2 O 3 composites.
Prokhorenko et al. [12] studied the radiation-protective properties of composition material polystyrene, which was reinforced by aluminum. AL-Dhuhaibat [13] studied the shielding properties against gamma rays emitted from the radioactive source of (Cs-137) for the shields of epoxy polymer supported by cement, aluminum, and lead using a Geiger-Muller counter tube detector. Shin et al. [14] studied the polyethylene/boron-containing high-density polyethylene composites with modified boron nitride fillers for radiation shielding. A coordination polymer is an organic or inorganic structure containing metal cation centers linked by organic ligands. Coordination polymers are constructed from metal nodes and organic linkers as organic-inorganic hybrid solids; it finds many applications due to their intriguing topologies and structural properties. Lead monoclinic-(I), lead monoclinic-(II), helical lead (II), and lead tetragonal polymers are a combination of lead and organic materials. Azelato barium (II) and 1D coordination barium polymer (I) are a combination of barium and organic materials. Similarly, calcium bromide polymer (I), calcium bromide polymer (II), cadmium coordination polymer (I), and cadmium coordination (II) polymer are a combination of heavy metals and organic materials. Lead, barium, and cadmium are observed to be good absorbers of X-ray and gamma. The coordination polymers with heavy cation metal centers are having high density and expected to be good absorbers of X-ray, gamma, and neutron radiations. Hence, in the present work, we have studied the shielding properties in these coordination polymers.
We have studied the X-ray and gamma radiation shielding parameters such as MAC, linear attenuation coefficient, mean free path, half-value layer (HVL), tenth-value layer (TVL), effective atomic numbers, electron density, exposure buildup factors (EBFs), specific gamma-ray constant and mechanical properties in some coordination polymers such as lead monoclinic-(I) (C 22 P 2 N 2 Cd), and 2D cadmium coordination polymer (C 37 H 15 O 5 P 2 N 4 Cd). We have also studied the NSP in the same coordination polymers.
THEORY

Gamma/X-ray interaction parameters
In the present work, the MACs and photon interaction cross sections in the energy range from 1 keV to 100 GeV are generated using WinXCom. [15] The total linear attenuation coefficient (µ) can be evaluated by multiplying the density of compounds to MACs. The total linear attenuation coefficient (µ) is used in the calculation of HVL. HVL is the thickness of interacting medium that reduces the radiation level by a factor of 2 that is to half the initial level and is calculated by the ratio of 0.693 to the linear attenuation coefficient. The total linear attenuation coefficient (µ) is also used in the calculation of TVL. It is the thickness of interacting medium for attenuating a radiation beam to 10% of its radiation level and is computed by the ratio of 2.303 to the linear attenuation coefficient. The average distance between two successive interactions is called the relaxation length (λ). It is also called the photon mean free path which is determined by the reciprocal of the linear attenuation coefficient. The gamma interaction parameters such as linear attenuation coefficients µ/cm, HVL (in cm), TVL (in cm), and mean free path λ are evaluated.
The equivalent atomic number of a composite material that will produce the same effect as that of a single element when it interacts with photons is referred as equivalent atomic number. The effective atomic number is evaluated by taking the ratio between atomic cross-section and electronic cross-section. The procedure of evaluation of atomic and electronic cross-section is explained in the previous work. [16] [17] [18] [19] The number of electrons per unit mass is referred as electron density. The effective electron density is derived from the evaluated effective atomic number. The procedure of the evaluation of effective electron density is explained in the previous work. [16] [17] [18] [19] 
Secondary radiation during the interaction of gamma/X-ray
During the interaction of gamma/X-ray with the medium, it degrades their energy and produces secondary radiations through different interaction processes. The quantity of secondary radiations produced in the medium and energy deposited/absorbed in the medium is studied by calculating buildup factors. In the present work, we have estimated energy exposure build up factors (B en ) using GP fitting method. [20] [21] [22] We have evaluated the G-P fitting parameters (b, c, a, X k , and d) for different coordination polymers using following expression which is based on Lagrange's interpolation technique. [20] [21] [22] GP fitting parameters (b, c, a, X k , and d) for element adjacent to Z eff are provided by the standard data available in literature. [23] The computed G-P fitting parameters (b, c, a, X k , and d) were then used to compute the EABF in the energy range 0.015MeV-15MeV up to a penetration depth of 40 mean free path with the help of G-P fitting formula, as given by the equations. [20] [21] [22] 
Where X is the source-detector distance for the medium in mean free paths (mfp) and b is the value of build-up factor at 1 mfp. K (E, X) is the dose multiplication factor and b, c, a, X k and d are computed G-P fitting parameters that depend on attenuating medium and source energy.
Neutron shielding parameters
The NSPs such as coherent neutron scattering length, incoherent neutron scattering lengths, coherent neutron scattering cross-section, incoherent neutron scattering cross-sections, total neutron scattering cross-section, and neutron absorption cross-sections in coordination polymers are calculated using the following mixture rule
Here, (NSP) i is the neutron shielding parameter of i th element [24] in the coordination polymer and f i is the fractional abundance (a mass fraction of the i th element in the molecule).
Mechanical properties
The rule of mixture is used to calculate the properties of mixtures by taking into account the fraction and a parameter of each component. It is given by
Where V and E are the volume fraction and elastic modulus of each component; however, sometimes, this rule is not valid since some parameters such as the particle shape and interaction are not taken into account. Alternatively, one could use the inverse additive model which is written as follows:
Universal accepted model [25, 26] to calculate elastic modulus is given by
Elastic moduli such as Young's modulus, bulk modulus, and rigidity modulus are calculated using the above equations. Other mechanical properties, such as yield strength and tensile strength are also very important. The yield strength is the maximum stress that can be applied along its axis before it begins to change shape. Yield strength is empirically determined using the following equation. [20] 
Pitting resistance equivalent number (PREN) is a predictive resistance corrosion based on its chemical composition.
The higher PREN-value, the more resistant to corrosion and it is calculated using the relation. PREN = % Cr + 3.3%Mo + 30% N (10)
RESULTS AND DISCUSSION
The calculated MAC values for different coordination polymers in the energy range 1 keV-100 GeV are shown in Figure 1 . MAC values for coordination polymers are large in the low energy region and decreases progressively. In the low energy region, MAC is observed to be high due to the dominant photoelectric interaction. In the high energy region, Compton scattering becomes dominant, which depends linearly with atomic number. Hence, MAC value becomes minimum value.
We have calculated the HVL, TVL, and mean free path for different coordination polymers. The comparison of HVL, TVL, and mean free path for different coordination polymers are as shown in Figures 2-4 . From this comparison, it is clear that the HVL, TVL, and mean free path are small for helical lead (II) coordination polymer than the other coordination polymers. It means gamma/X-ray penetrates less in helical lead (II) coordination polymer than the other coordination polymers. The variation of effective atomic number and effective electron density with energy for different coordination polymers are shown in Figures 5 and 6 . These parameters for coordination polymers are large in the low energy region (due to the photoelectric effect) and decrease progressively, thereafter increases and become constant for high energy (due to pair production).
The variation of energy with EBF for coordination polymers are as shown in Figure 7 . It is observed that EBF increases up to the E pe and then decreases. Here, E pe is the energy value at which the photoelectric interaction coefficients match with Compton interaction coefficients for a given value of effective atomic number (Z eff ). The variation of EBFs with mean free path at various energies (0.1, 0.5, 1.5, 5, and 15MeV) for different coordination polymers is as shown in Figure 8 . From Figure 8 , it is clear that EBF values increases with increase in the target distance. This is due to the reason that with increase in the target distance, scattering events in the medium increases.
The comparison of evaluated coherent neutron scattering length, incoherent neutron scattering lengths, coherent neutron scattering cross-section, incoherent neutron scattering cross-sections, total neutron scattering cross-section and neutron absorption cross-sections for different coordination polymers are as shown in Figure 9 . From Figure 9 , it is clear that coherent neutron scattering length and incoherent neutron scattering lengths are Coherent and total neutron scattering cross-sections are minimum for 1D coordination barium polymer (I). The neutron absorption cross-section is high for 1D coordination barium polymer (I).
We have calculated the mechanical properties such as young's modulus, bulk modulus, yield strength, tensile strength, and PREN for the studied coordination polymers.
The comparison of mechanical properties among the studied coordination polymers is, as shown in Figure 10 . From this comparison, it is found that all the studied mechanical properties are higher for helical lead (II) coordination polymer than that of the other coordination polymers. This means helical lead (II) coordination polymer is mechanically more stable than the other studied coordination polymers. To validate the present work, we have calculated the MACs for some polymers using the present work and compared with that of the experimental values available in literature. [27, 28] This comparison is shown in Table 1 .
CONCLUSIONS
Based on the present computed values of material strengths and shielding parameters for X-rays, gamma rays, and neutrons in some coordination polymers, it can be concluded that helical lead (II) is a good shield material for X-rays and gamma rays, while 1D coordination barium polymer is good for neutrons.
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